Purpose. To evaluate the prevalence of ocular surface disease (OSD) in glaucoma and nonglaucoma subjects using different clinical tests and to determine the effect of number of antiglaucoma medications and preservatives on OSD.
O cular surface disease (OSD) is a multifactorial disorder of the tear film, eyelids, cornea, and conjunctiva. 1Y4 It is characterized by an inadequate quantity of tears, an unstable tear film, and ocular surface breakdown, which may all lead to visual interference. Additionally, OSD induces a variety of symptoms including irritation, burning, itching, tearing, stinging, and fluctuating visual acuity.
Studies have shown that OSD is prevalent among glaucoma patients who require long-term therapy with intraocular pressure (IOP)Ylowering medications. 3Y7 Repeated dosing of eye drops that contain preservatives meant to prevent contamination can cause adverse effects to the ocular surface, thus triggering OSD. Several studies have been carried out to assess the prevalence of OSD among glaucoma patients. Leung et al. 5 reported OSD symptoms and signs in 22 to 78% of glaucoma patients, a variation in prevalence rate that largely depended on the different tests used to assess the disorder. Fechtner et al. 4 used the Ocular Surface Disease Index (OSDI) questionnaire and found 48% of their 630 patients to have OSD symptoms, whereas Garcia-Feijoo and Sampaolesi 6 reported that 59% of their glaucoma patients had mild to severe OSD symptoms when similarly tested.
Although these recent studies have reported a high prevalence of OSD in glaucoma patients, few have included a control group consisting of subjects not using topical medications. 7 In this study, we evaluated the prevalence of OSD using different clinical tests in glaucoma subjects and compared them with this control group. We also determined the effect of number of different antiglaucoma medications and preservatives on OSD.
METHODS

Study Design and Subjects
We conducted a cross-sectional, case-comparison study to compare the prevalence of OSD between glaucoma and nonglaucoma subjects and to evaluate the effect of number of different topical medications and preservatives on OSD. This study was conducted at the Eye Clinic of the University of Malaya Medical Centre, Kuala Lumpur, Malaysia, between June 2012 and January 2013. Ethical approval was obtained from the medical ethics committee of the center before commencement of the study. All patients signed a statement of informed consent in compliance with the tenets of the Declaration of Helsinki.
Subjects 45 years and older who had been on antiglaucoma medications for at least 3 months were recruited into the glaucoma group (n = 105). The antiglaucoma medications used were latanoprost (Xalatan), timolol (Timo-Comod), brinzolamide (Azopt), and brimonidine (Alphagan-p). The control group consisted of patients who were not on any topical medications for the preceding 1 year (n = 102). Patients were excluded if they had conditions that could adversely affect tear film stability, such as lid margin disease, connective tissue disease, thyroid eye disease, history of chemotherapy or radiotherapy, history of ocular surgery, or allergy to any of the components in the agents used in this study, for example, fluorescein.
Ocular Surface Assessment
All subjects underwent a detailed ocular examination as in a previous study, 8 which included tear film breakup time (TBUT) test, corneal staining with fluorescein, Schirmer test, and OSDI questionnaire grading. The examiner was blinded to the diagnosis of the subjects. The right eye of each patient was analyzed unless it did not meet the inclusion criteria, in which case the left eye (if it met the criteria) was used instead.
The TBUT test was performed by applying fluorescein solution onto the inferior palpebral conjunctiva after gentle depression of the lower eyelid. The subject was asked to blink two times. The tear film was examined using a slit lamp with cobalt blue light. The interval between the last blink and the appearance of a first hypofluorescent spot or streak was recorded as the TBUT. A clinically abnormal TBUT was defined as less than or equal to 10 seconds.
The grading for corneal staining was based on that described by Miyata et al. 9 Presence of superficial punctate keratopathy (SPK) was graded according to the area and density of lesions. Briefly, after fluorescein staining, the area of SPK was graded as A0 when punctate staining was absent, A1 when it occupied less than onethird of the cornea, A2 when it occupied one-third to two-thirds of the cornea, and A3 when it occupied greater than two-thirds of the cornea. The density was graded as D0 when there was no punctate staining, D1 when it was sparse, D2 when it was moderate, and D3 when it was high and the lesions overlapped. The combination of the area and density grade represented the final grade, such as A2D3.
The Schirmer test was performed by first instilling one drop of 0.5% proparacaine. After 1 minute, any visible fluid in the inferior fornix and lid margin was gently dried with a cotton swab. A precalibrated filter strip was then placed between the lower fornix and lower eyelid margin and left in place for 5 min. The strip was removed after 5 min and the amount of wetting was recorded. A clinically abnormal Schirmer test was defined as less than 10 mm.
Upon completion of the ocular examination, subjects were asked questions from the 12-item OSDI questionnaire. This disease-specific quality-of-life questionnaire is used to quantify the impact of dry eye on vision-related quality of life and has been reported to have excellent test-retest reliability. 4, 5 The three measured components include ocular discomfort, function, and environmental triggers. Each individual item within the components refers to a 1-week recall period; the responses to each item refer to the frequency of the associated symptom. Possible responses ranged from 0 (none of the time) to 4 (all of the time). The sum of scores for all questions was used to calculate the final score, which ranged from 0 to 100. Scores between 0 and 12 were classified as normal; between 13 and 22, mild; between 23 and 32, moderate; and between 33 and 100, severe OSD.
Statistical Analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences, Version 17.0 (SPSS Inc, Chicago, IL). Descriptive statistics presented as frequencies and percentages were used to summarize the demographic data of the patients. The W 2 test was used to determine the difference between the glaucoma and control groups. Odds ratios were calculated for further analysis when indicated. A p value of less than 0.05 was considered to be statistically significant.
RESULTS
A total of 207 subjects participated in this study. Of these, 105 subjects were in the glaucoma group. The demographic characteristics of subjects are summarized in T1   Table 1 . There were no Table 2 . The percentage with abnormal TBUT was larger in the glaucoma group, but this was not statistically significant. Corneal staining with any form of corneal epitheliopathy ranging from A1D1 to A3D3 was more common in the glaucoma group than in the control group (63% vs. 36%, p = 0.011). There were more patients in the glaucoma group who had abnormal Schirmer tests (39% vs. 25%, p = 0.049). The OSDI did not show any statistically significant differences in the prevalence of normal or mild OSD symptoms between the glaucoma and control groups but was statistically significant when compared between patients with moderate OSD symptoms (17% vs. 7%, p = 0.028). No patients had scores in the severe OSD range. There were more glaucoma subjects with two, three, and four abnormal OSD tests, although this was statistically significant only in the threeYabnormal test group ( T3 Table 3 ). Up to four different types of IOP-lowering eye drops were used by the individual glaucoma subjects, the most common being latanoprost (81%) and timolol (55%). There were no increased differences in Schirmer test and OSDI results as the number of eye drops increased. However, abnormal TBUT and corneal staining was observed with the use of eye drops, with an increasing trend with higher numbers of eye drops ( T4 Table 4 ). In the glaucoma group, the IOP-lowering eye drops were either preserved with benzalkonium chloride (BAK, in latanoprost and brinzolamide) or purite (brimonidine), or nonpreserved (timolol). Benzalkonium chloride was present in at least 81% of eye drops used by the glaucoma patients. There were no differences in Schirmer test and OSDI results with the different eye drops and preservatives. However, both BAK-containing and preservativefree eye drops resulted in significantly higher proportions with abnormal TBUT scores ( T5 Table 5 ); a further analysis showed that BAK was associated with nearly three times higher odds ratio of showing abnormal OSDI compared with purite-preserved or nonpreserved eye drops (odds ratio, 2.94; 95% confidence interval, 1.01 to 8.52 ).
DISCUSSION
This study demonstrated a high prevalence of OSD among glaucoma subjects, which was in keeping with the findings of several other studies. 3Y7 We observed a variation in OSD detection with the different clinical tests. Corneal staining for SPK showed that 63% of our glaucoma subjects had some form of corneal epitheliopathy. This finding adds to the already extensive body of research indicating that corneal pathologies are frequently seen in patients on antiglaucoma medications. 3Y7 Superficial punctate keratopathy may have been caused by instability of the tear film or lysis of the corneal epithelial cells, a result of the effect of preservatives found in antiglaucoma medications. 2 Although there have been studies that reported the reliability of corneal staining, 9 OSDI, 10 and TBUT 11 in detecting OSD, the ideal test remains contentious. 8, 12, 13 Our results show different pickup rates with the different tests, and this may be attributed to variations in definitions used to define OSD. Leung et al. 5 suggested that this could also be attributed to the lack of specificity of these clinical tests. Sullivan et al. 8 found that corneal staining, TBUT, and Schirmer test lack the power to distinguish between mild and moderate stages, and as such were only informative with the more severe forms of the disease. The authors further found that tear osmolarity was superior in demonstrating correlation across different disease severity; however, this parameter was not investigated in our study.
There was no statistically significant difference between the proportions with abnormal TBUT in both glaucoma and control groups. This could be partly contributed by age-related dry eye disease in both groups. Alternatively, it could also be due in part to the nonspecific nature of the test, which reflects gross function of the lipid layer of the tear film. We postulate that glaucoma medications and preservatives may have little impact on this layer of the tear film and instead have more impact on the mucin layer on the ocular surface, which is reflected on the corneal staining test that showed a significant difference between the groups. Consistent with findings from other studies, 3Y7,14 we report high prevalences of OSD in subjects who used one or more antiglaucoma medications. Additionally, there was an increasing trend with higher numbers of eye drops. Pisella et al. 15 demonstrated the correlation between increased signs and symptoms of OSD with the number of antiglaucoma medications used, whereas Becquet et al. 16 found increased ocular damage with high doses of Prevalence of glaucoma subjects with normal and abnormal TBUT and SPK based on the number of antiglaucoma medications used
No. antiglaucoma medications Normal TBUT, n (%) Abnormal TBUT, n (%) p SPK absent, n (%) SPK present, n (%) p these eye drops. Ghosh et al. 7 showed that each additional eye drop was associated with about two times higher rates of impaired TBUT and attributed this to the preservatives in the eye drops.
Most of the subjects with OSD in this study were using preservativecontaining eye drops, particularly those containing BAK. We found rates of abnormal OSDI nearly three times higher in subjects who were prescribed antiglaucoma drops containing BAK. This preservative has been identified as one of the agents causing OSD, by reducing the density of the conjunctival goblet cells 17Y20 and damaging the corneal epithelial cells. 1, 2, 16, 17 Both acute and chronic exposure to BAK can lead to inflammatory changes in the ocular surface and decrease TBUT. 16Y18 In a study of patients treated for glaucoma for at least 1 year, flow cytometry demonstrated a greater expression of inflammatory markers ( AQ1 HLA-DR and ICAM-1) in those receiving BAK-preserved eye drops than in normal patients or those receiving preservative-free drops. The use of preservatives was associated with a lower expression of the ocular surface mucin marker MUC5AC, and the lowest MUC5AC levels were associated with the highest HLA-DR and ICAM-1 levels. 19 Finally, we also found a high prevalence of abnormal TBUT and SPK in glaucoma subjects using the preservative-free timolol eye drops. Although preservative-free timolol has been described as nontoxic to the corneal epithelium, 3, 21, 22 a study by Ayaki et al. 23 showed a slight cytotoxic effect of timolol without preservatives, although this was less than when compared with the effect of timolol with preservatives. This finding warrants further investigation into the effect of preservative-free antiglaucoma drops on OSD.
One of the limitations of this study was that we did not adjust for changes in treatment over the disease course. Patients who had previously used preservative-containing eye drops but then later prescribed with preservative-free eye drops may have only reported their latest prescription and hence overestimate the effect of the latter medication.
CONCLUSIONS
Glaucoma subjects on topical antiglaucoma drops have a significantly higher prevalence of OSD than those who are not on any medications. The prevalence may increase with increasing numbers of eye drops and using BAK-containing eye drops, which is likely to be due to toxic effects of the preservative. 
